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ABSTRACT 


A ‘‘competition hypothesis’’ states that the absence of other species. We use American bats 


species in faunas with more species (more diver- 
sity) have greater competition, narrower niches, 
and therefore smaller geographic ranges (less dis- 
tribution). An alternative ‘‘available space hy- 
pothesis’’ states that species occupy suitable 
available space without regard to the presence or 


and North American rodents as groups to discrim- 
inate between the two hypotheses and see that 
available space is a better predictor of distribution 
than is diversity. Thus, the competition hypoth- 
esis is weakened and the available space hypoth- 
esis is strengthened. 


INTRODUCTION 


In a paper discussing continental steady 
states and species diversity, Michael Rosen- 
zweig (1975) published a tantalizing graph of 
data on North American bats and turtles and 
commented as follows: ‘‘average range size 
declines as diversity increases. Perhaps the 
decline results from more intense habitat se- 
lection in more diverse areas.’’ This was a 
digression from his main thesis and he did 
not pursue the matter. Later Rosenzweig 
(1978) did discuss the ‘‘density of a pheno- 
type’s competitors’’ and the depression of 
fitness and how these may relate to specia- 
tion, but he did not return to the relationship 
between distributional area and diversity. 


Calling Rosenzweig’s tentative hypothesis 
above ‘‘the competition hypothesis,’’ we de- 
velop it in greater detail, then consider an 
alternative hypothesis, and finally test these 
hypotheses with data from North and South 
American Chiroptera and North American 
Rodentia. 
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THE COMPETITION HYPOTHESIS 


A more detailed consideration of ‘‘more 
intense habitat selection in more diverse 
areas’’ and how this might influence the sizes 
of geographic ranges of species leads to the 
following amplification: 


1. Resources are finite. 

2. Species tend to maximize their use of 
available resources. This occurs on both 
a short-term ecological scale and a long- 
term evolutionary scale. 

3. Therefore, species compete. Competition 
operates on both the ecological and the 
evolutionary scale. The concept of com- 
petition is highly varied in the literature. 
It is not feasible to explore these varia- 
tions here, but it should be understood 
that our usage is broad. The nature of the 
competition and the degree may differ or 
may vary with time. Competition, at least 
in theory, can range from negligible to 
complete. In the latter case, populations 
of two equally talented (hypothetical) 
species in the same area would tend to 
fluctuate stochastically until one becomes 
extinct. This statement may seem strange 
in terms of customary competitive exclu- 
sion models, which do not consider the 
logical extremes of the continuum of de- 
grees of competition. The remaining 
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species, incidentally, might also fluctuate 
stochastically until extinction later. It is 
not realistic to assume that any two dif- 
ferent species are equally talented (i.e., 
respond in exactly the same way to all 
environmental conditions). Often, one 
species will succeed and the other will 
become extinct because they are not in 
fact equally talented under the given con- 
ditions. This is the focus of most com- 
petitive exclusion models. We suggest, 
however, that populations generally do 
fluctuate in a stochastic manner, not be- 
cause different species are equally talent- 
ed but because the environment will fluc- 
tuate independently of the species, and 
exactly how talented they are may be 
largely irrelevant. In other words, their 
maladaption to a changed environment is 
more important in the outcome than their 
adaptation to a former environment. The 
prevalence and significance of the sto- 
chastic aspects of such processes de- 
serve more attention by ecologists and 
evolutionists in our opinion. In reference 
to speciation, this sort of stochastic as- 
pect has been dubbed Wright’s Rule (see 
Krohn, 1979, and Schopf, 1979, for dis- 
cussion). 


. One result of competition may be spe- 


cialization. Specialization by a species for 
the use of some subset of resources may 
increase the probability of survival of the 
specialized species (i.e., the user of nar- 
rower subsets of resources) in those areas 
having these resources. 


. Different physical conditions vary geo- 


graphically and in large part non-con- 
gruently. 


. When the tolerable physical conditions 


for a species are more restricted, fewer 
places will have these conditions and the 
geographic range of the species should be 
smaller. 


. If the presence of more species (i.e., di- 


versity or factor A) is correlated with 
more restricted conditions on the average 
(factor B), then, given S and 6 above, di- 
versity (factor A) will also be correlated 
(negatively) with geographic extent of 
range (i.e., distribution or factor C). 
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We can measure A and C; we cannot eas- 
ily measure B. A given correlation of A and 
C (diversity and distribution) does not nec- 
essarily tell us anything about B because 
more than one possible model may relate A 
and B to C. We will outline one alternative 
hypothesis to the competition hypothesis 
and proceed to test both models. 

If a relevant set of data does not fit a mod- 
el, then we have grounds for doubting one or 


Map of faunal sample sites in North America. 


more of the conditions of the model or hy- 
pothesis. 

For example, if we are willing to postulate 
as a model that twice as many species will 
need to divide the habitat so that each one 
has a narrower niche, and if we assume that 
this means that the suitable area will be 
smaller, we would find a negative correlation 
between diversity and distribution. 

Beginning with one of Rosenzweig’s sam- 
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Fic. 2. The relationship of diversity (number of species) and distribution (geometric mean of ranges 
of each species) in bats present at each of 51 sample sites in North and South America. A. Alaska and 
Canada, B. United States (48 states only), C. Mexico and Central America, D. tropical South America, 
E. temperate South America. Same graph at bottom has points numbered to correspond with those in 
figures | and 4. Missing numbers were points with no bats. 
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Fic. 3. Map of North America showing species density of bats. Lines (except the zero line) show 


doublings of density. 


ple groups (the other was turtles), we first 
replicated and extended his analysis for 
North American bats as described in the next 
paragraph. His sample points were all north 
of Mexico; our sample points are distributed 


also south through Panama. Rosenzweig and 
the authors have used the entire range of 
each species. Some species extend into 
South America. 

We found 35 points at which to sample the 
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fauna in North America (excluding Green- 
land, fig. 1) by randomly selecting 40 points 
and then eliminating five that were either 
where there are no bats or that were within 
200 km. of other points selected. We pre- 
pared lists of the species of bats occurring at 
each point. The size (areal surface in km?) of 
the range for each of these species was mea- 
sured on distribution maps (revised from 
those of Hall and Kelson, 1959). The geo- 
metric mean of the ranges of all species at 
each locality was calculated. A geometric 
mean was used because the ranges vary over 
nearly three orders of magnitude and arith- 
metic means tend to be biased by extreme 
values, in this case by the extremely large 
values. The numbers of species at each lo- 
cality were plotted against the geometric 
means in figure 2. 

The direction of the slope for the faunal 
samples north of Mexico (groups A and B) 
in this graph is the same as that observed by 
Rosenzweig, the same pronounced negative 
correlation is evident. But, are there alter- 
native models that fit these data as well? 


THE AVAILABLE SPACE HYPOTHESIS 


Suppose that each species has certain en- 
vironmental requirements and that each 
. species occupies all accessible geographic 
areas that meet these requirements regard- 
less of the presence or absence of other 
species. 

For example, in North America (fig. 3) bat 
faunas are more diverse farther south. What- 
ever the conditions that cause this increase 
in diversity, it is clear that there is simply 
less space available farther south in North 
America for the ranges of bats that do live 
there. This assumes roughly comparable lat- 
itudinal ranges of species. The ranges could 
not be as large as those of species farther 
north. 

The set of data for bats in North America 
north of Mexico fits both the ‘‘competition 
hypothesis’’ and the ‘‘available space hy- 
pothesis.’ It is not enough to adduce data 
that fit a hypothesis, one should adduce data 
that do not fit alternative hypotheses and 
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thus help in choosing between hypotheses 
(or among them if there are more than two). 

One way to test these alternative hypoth- 
eses would be to examine other groups of 
organisms in North America. We chose the 
rodents (370 species) for such a comparison, 
presented below. Another test would be to 
examine the correlation of distribution and 
diversity in the bat fauna of some other con- 
tinent. An ideal continent for this test should 
have large tropical areas, since bats are 
largely tropical. If diversity restricts distri- 
bution (the competition hypothesis), the cor- 
relation would be strongly negative as in 
northern North America. If diversity does 
not restrict distribution (the available space 
hypothesis), the correlation might be posi- 
tive or weakly negative. If this ideal conti- 
nent were also narrower in the less tropical 
areas, the contrast would be even greater 
and a positive rather than negative correla- 
tion would be expected, under the available 
space hypothesis. 

Fortunately, South America, a real conti- 
nent, meets these ideal specifications and ex- 
ists in a most convenient place. 

Unfortunately, there were no published 
distribution maps for most species in South 
America, so Koopman prepared the maps for 
bats using information in the literature and 
unpublished data (for example specimens in 
the American Museum of Natural History). 

We mapped the ranges of 182 species of 
bats in South America, selected 20 faunal 
sample points (arbitrarily using a grid, fig. 4), 
made lists of the species whose ranges en- 
compassed each point, measured the sizes of 
their ranges, calculated geometric means, 
and plotted these against diversity (number 
of species) at each point as done for North 
America. These 20 values are also plotted in 
figure 2. 

The data on the relationship of distribution 
and diversity of North American rodents are 
shown in figure 5. There is no noteworthy 
correlation (diagonal slope in clustering of 
points) of distribution and diversity, either 
positive or negative. This tends to falsify the 
competition hypothesis, at least as a princi- 
ple generally applicable to different groups 
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Fic. 4. Map of faunal sample sites in South America. The broken line shows the division of tem- 
perate and tropical sites mentioned in legend for figure 2. 


of organisms. As shown in figure 6, the den- _ latitude 35 to 40, rather than continuing to 
sity of rodent species reaches a peak at about —_ increase southward. This difference in lati- 
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tudinal density gradients between bats and 
rodents has been noted frequently (Wilson, 
1974; Anderson, 1977; McCoy and Connor, 
1980). 

The composite North and South American 
data for bats in figure 2 do not show a con- 
spicuous overall negative correlation be- 
tween distribution and diversity, which 
would support the competition hypothesis 
and falsify the available area hypothesis. 
Successive points on the graph as one pro- 
ceeds from north temperate through tropical 
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|O 
SPECIES 
The relationship of diversity and distribution in rodents at each of 35 sample sites in North 


America. There are more sample sites for rodents than for bats (in fig. 2) because some sites that have 
rodents do not have bats and are hence not graphed. 
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and into south temperate areas tend to follow 
a loop (from A to B to C etc., and even with- 
in these arbitrary groups as a close exami- 
nation of numbers and maps will reveal). 
Within groups A and B, as noted previ- 
ously, there is a distinct negative correlation. 
Among tropical South American localities, 
group D, there is also a distinct negative cor- 
relation. In comparing B and D, it is clear 
that the species density of bats for a given 
average geographic range size is about an 
order of magnitude greater in tropical South 
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Fic. 6. The relationship of rodent diversity 
and latitude in North America. 


America than in temperate North America. 
In tropical group C and in temperate group 
E the correlations are positive. 

Figure 7 allows simultaneous visualization 
of distribution, diversity, and space avail- 
able. Available geographic space is a better 
predictor of distribution than is diversity. 


DISCUSSION 


Using the values plotted in figure 7, we 
find that the correlation coefficient of avail- 
able space and distribution is 0.559. The cor- 
relation coefficient of diversity and distribu- 
tion is —0.166. In order to remove the effect 
of available space on distribution, the resid- 
ual differences between the actual values for 
distribution and the values based on the 
regression (y = 4.5 x 10® + .946 x 10°X) of 
distribution (y = mean of ranges in km’) on 
available space (X = width of continent in 
km) were compared with the values for di- 
versity (species density) at each latitude (the 
use of residuals in this way to detect second 
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Fic. 7. Graph relating available space (width 
across the continent), diversity (number of 
species), and distribution (the square root of the 
geographic range in km?) for bats through North 
and South America. Data points are shown. Lines 
were drawn by eye. 


order effects was described by Mosteller and 
Tukey, 1977). These residual values for dis- 
tribution had a weak and non-significant pos- 
itive correlation with diversity. Our data ex- 
amined in this way do not detect any 
significant effect of diversity on distribution. 

It is axiomatic that animals compete and 
we know of specific studies in which one 
species does tend to restrict the distribution 
of another species both ecologically and geo- 
graphically. We are not trying to disprove an 
axiom or deny that which has been clearly 
demonstrated. We are considering two vari- 
ables, diversity and available space, and 
their relative importance in affecting (and 
predicting) distributions (sizes of geographic 
ranges) in general. We have not dismissed 
the competition hypothesis but we suggest 
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that the role of competition is a relatively 
subtle one not detectable at this level of gen- 
erality. More and better data will be needed 
to test hypotheses about the effects of com- 
petition in more refined ways, with other 
groups, and in other situations. The available 
space hypothesis has been strengthened and 
now needs further critical testing with more 
data, other groups, and in other areas. 

This paper was submitted to the journal 
Ecology and then withdrawn after the editor 
indicated that he would require us to extract 
differences in food habits from the data and 
treat them separately. For example, seed- 
eating rodents must be separated from grass- 
eating rodents, or insectivorous bats from 
fruit-eating bats. We have suggested that 
more refined testing of hypotheses would be 
interesting, but we did not agree that this 
consideration renders the analysis we have 
done any less interesting. We would be glad 
to provide the data that we have to anyone 
who would like to use it in other analyses. 
We do not have an adequate set of data on 
food habits or any of the other specific means 
by which these mammals may compete or 
avoid competition. 


LITERATURE CITED 


Anderson, Sydney 
1977. Geographic ranges of North American 
terrestrial mammals. American Mu- 
seum Novitates, no. 2629, pp. I-15. 


NO. 2716 


Hall, E. Raymond, and Keith R. Kelson 

1959. The mammals of North America. New 
York, The Ronald Press Co., 2 vols., 
Xxx + 1083 pp. 

Krohn, Ingrid M. 

1979. Role of ideas in advancing paleontolo- 

gy. Paleobiology, vol. 5, pp. 67-76. 
McCoy, Earl D., and Edward F. Connor 

1980. Latitudinal gradients in the species di- 
versity of North American mammals. 
Evolution, vol. 34, pp. 193-203. 

Mosteller, Frederick, and John W. Tukey 

1977. Data analysis and regression. Reading, 

Mass., Addison-Wesley, 588 pp. 
Rosenzweig, Michael L. 

1975. On continental steady states of species 
diversity. Pages 121-140 In M. L. Cody 
and J. M. Diamond (eds.), Ecology and 
evolution of communities. Cambridge, 
Mass., Belknap Press, 545 pp. 
Competitive speciation. Biological 
Journal of the Linnaean Society, vol. 
10, pp. 275-289. 

Schopf, Thomas J. M. 

1979. Evolving paleontological views on de- 
terministic and stochastic approaches. 
Paleobiology, vol. 5, pp. 337-352. 

Wilson, John W. Ill 

1974. Analytical zoogeography of North 
American mammals. Evolution, vol. 28, 
pp. 124-140. 


1978. 


a 
Ste 


i 
1 or a 
a 


The 7M 
ae DO 


a 
Ste 


i 
1 or a 
a 


The 7M 
ae DO 


